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An echo Una It a lone waveguide la which the 
radar pulse re-echoes, nroductng A series Of "ulses 
on the Indicator fo- test lurnoses.  The falrlcatlon 
and testing of an 18* helix of ovarslr« K-band wave- 
guide, 150' Ions;, Is ('tseussed. Tests showed the 
attenuation to be ,039 db/foot. which «nicest« the 
use of such overslre waveguide for radar trans- 
olsalon lines. 
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1-HAJTO SCHO LIBS 

It has been suggested from nnny sources that an aaay taat of radar 
performance would coml-t of Introducing a sample of tha radi r mils« Into 
a vary lev; transmission Una of known attanuatlon and observing tha an- 
Tilltuda of tha "ulne. delayed and attenuated by thla Una, with the radar 
receiver 

This aort of a testing device haa baen dubbad an ''echo line".    Scho 
llnaa have not bean employed outalde of tha laboratory, but have important 
potentialities for future Production application. 

In the current thinking, on echo line la coupled to a radnr by meane 
of a directional coupler and an R? awttch      He ewltch permit« the device 
to be turned off when not In use.    The echo line haa a round- tri-> length 
greate* than that of the radar pulae, and la provided with a short at tha 
far end      On the Input end a mis-match la provided to reflect the pulae for 
another circuit of the echo line each tlae the pulse returns. 

-3f 

Reflecting Reactance Short Circuit 

fractional Coupler 

figure 1. A Diagram of an HF Scho Line Attached to a Radar - 

In uae, a fraction of the radar pulae enters the echo line via the 
directional coupler when tha switch permits. A large nortlon of thla energy 
is reflected by the reactance, however a Portion enters tha echo line proper 
This milse travels to the short circuit and Is reflected back toward the 
input end. At tha reactance a major portion of the nulae is reflected back 
toward the short again, but a fraction of tha energy entere the radar via 
tha directional coupler and appears aa a nulse. 

The pulse continues to reflect back and forth in the line, on each trip 
producing a pulse in the radar. Each pulse of this series le weaker than the 
preceding because of the attenuation of tha echo line, finally the pulses 
become so weak that the radar receiver cannot detect them. By counting the 
number of pulses visible and estimating the strength of the last pulse one 
may «now whether the radir performance Is satisfactory  Is baa been s-jgreetec 



that an attenuator be placed between the ewltch and the reflecting reactance 
to allow one to adjust the aanlltude of the nth pulse. One would then read 
the performance fron the attenuator, 

Kotes on the choice of the reflection coefficient of the trie are pre- 
sented In Apnendlx k. 

It Is plain that the major problem lies In the construction of the echo 
line Itself. Assuming the grout» velocity of the milt* to he c, an echo line 
must have a length of a considerably greater than 164 yards ner microsecond 
radar pulse length. The line rust also he of small hulk and of low attenua- 
tion. These are difficult conditions to meet, therefore the device eeeme 
practical only when the milse length Is very short. 

In order to reduce the hulk of an echo line substances of high dielectric 
constant have been considered. The attenuation of these aatarlele, having 
dielectric constants of from 200 to several thousand Is unfortunately too 
high at present to nermlt their uee at K-band, and In addition their dielectric 
nropertles are prone to be very temperature sensitive. Such a dielectric 
filled line was built, but It was not tested 

The bulk of an echo line will be too great unleee coax or email wave 
guide can be used and unless the nulse length Is very short. The value of 
an echo line seems likely to he greatest at K-band, where adequate echo 
boxes are excessively difficult to make and where small waveguide and short 
milses are ueed. 

Several echo lines hive been constructed and operated, by Jane and 
William Falrbank and by Virgil Counter. These were made of X-band wave- 
guide ueed at K-band and X-band respectively  They served to demonstrate 
that an echo line operates as expected. These were not compact, being com- 
posed of long straight sections of line and few bends, and they were not of 
ideal dimension*. 

Dr. Alfredo Ba?.os designed an echo line theoretically suitable for 
K-band use. This line consists of a rectangular waveguide operated In the 
T*oi mode. The waveguide Is of such dimensions that the TBQ2 

ao°* b,lt nl5t 

the T803 °°de ■■* h» wouagated. By avoiding B-plane bends he hoped that 
other modes would not be excited. The Internal dimensions and properties 
of this 11ns as calculated are: 

[724 x 683, (B vector parallele longer dimension) 

A > 4.48 cm. T»01 mods 

attenuation: 16 db/microsecond 

temperature sensitivity of attenuation: 
-151/10« T,  nornallred at 70» f] 

The fabrication of such a line for Project Cindy was desired but for 
some time no feasible means of construction was conceived  a line ISO feet 
In length wae needed, which tmulles that the wall thickness could not bs 
great If the weight wae to be kept small  Thin walled tubing of the desired 
form wae drawn but It was found that It could not be bent successfully  It 
was hoped that a concern could be found which would attempt to extrude a colled 
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tubing, however this could not be done. Other Bran* considered ware ''electro- 
foristng" on wax coraa, chemical deposition followed by electroplating lmlda 
of plestlc tubing, and the assembly nf stanmed sections. Various objection» 
oada each o* these processes seen iarrnctlcal 

A colled line was finally prepared by hydraullcally expanding round 
tubing Into a »old. The forming of the line Is treated by Mr. Flavin In 
Apnendlx B. 

Two sections of colled echo line were given attenuation tests as des- 
cribed In Apnendlx C, and the attenuation was found to be about .039 db per 
foot at X-band. This attenuation should permit successful use nf these 
sections as an echo line.  Successive nips should differ by 8.7 db for a 
150 foot length of line, not Including lose at the Iris, See Anpendlx A 

It seer.s that transmission line of this low attenuation should find 
general application lr. radar design as well aa this specialised use.  It 
should be noted that the attenuation 1« AS low as thet of 7/8" coaxial 
lin* at S-band. 

James H. Wolf 
December 31. 1945 
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Aonendlx A 

the Reflection^ Coefficient of the Irli 

01 yen en MI object th« presentation of a maximum number of echo pip« 
UT»n tha acreen from an acho Una, tha following derivation leads to • 
cholca of tha nroper reflection coefficient for the reactive trie placed In 
the echo line  At the lrla there la a voltage reflection factor of a, 
therefore the reflected nower le proportional to a3. 

Th« power transaltted muat be proportional to (1 
of energy 

a ) by convervatlon 

• 

After th« energy haa entered the line,  on each reflection from th« 
lrla there Is a lose in level at each reflection from the trie because 
of energy which leaves tha line. 

Talcing these Into account we Bay write an expression for th« power of 
«ach pip reaching the receiver fron th« echo line as. 

1)    Pr-PtC
2u4 (1 -•*)*-* A**-" 

when 

P   -» power of th« Kth pip reaching receiver 

II   » serial number of the pip,   "main bang" -■ Ho,  1 pip 

P, " -wise power of the "main bang" 

C   ■ coupling of tha directional coupler,  expressed as 
a power ratio of lee« than one 

a   * absolute magnitude of the voltage reflection 
coefficient o* the lrlt. 

A   a one-way attenuation of the echo line, as a cower 
ratio of less than one. 

We may maximise the etrength of the Nth pip, given the value« of 
P..  C, and A as constant«: 

*'    c - 1A]   „   .     „ - Pt C2 A3^1^-« (1-3) a5 a-a2)"-3 

dividing by 3PtC3 A20*-1' a3 (X-a*)*"8! 

3) 0 - -JjM) a8 ♦ 2 (1-a2) 

4) a 

"he most direct anoroach to tha remainder of the nroblea Is to cal- 
culate tha etrength of each of th« nips in th« region in which the laet 
pip may be expected to fall, and for each calculation uee that value of 
a. given by equation 4     That value of a should be employed which is associated 
with the laet pip found to have a wwer greater than the minimum discernible 
signal of the radar 
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The rwctlvi device w) Ich Is th» ecbodlnti.t of the reflection coeffi- 
cient a Bust be fixed In value, not an adjustment-  It suit not «zeit« 
higher and«-» In the fid«, which probably lcmllet that It should be a 
oulta symmetrical device.  It should not ba nlaced in the snail alse 
transmission line; before transformation Into the echo line. The design 
of thle reactance 1* not expected to be difficult. 
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Appendix ." 

Hydraulic Formation of "Cindy tcho Una" 
(Radiation Laboratory Project 1004) 

This rtj»'l hat bMn framed with  tho view- 

V. X.  Flavin 

1     To describe briefly and generally the steps and treatments need 
to for» successfully the fin», echo line Material. 

2,    Ts discuss sore of the featuree of the drawing operation 

i.    To advlee of possible future lBnrovemente in the proeeet which 
the lnck of tlce and materiell did not allow ue to Investigate 

Method of Hydraullcally Craving ''Echo Line»' 

Hetorlale Used 

1. A cast Iron mould of two nieces  (ae ehown In figure 2). 

2, Ann»alied cooper tubing In a cell approxlaately 4'  In dlaaeter 
of 7S'  length.    7S0' CD.   (circular crose-sectlon) and ,027" 
t-003 wall thlckaea«. 

3     A hand-operated,  piston-tyne puap capable of delivering 10,000 
lbt/in 2 pressure with gaugee for pressure determination and 
voluae measuring me ens,  reading volunee pumped to 10 cc Incre- 
ments 

4.    Some of the aor» Important miscellaneous operating eouipment 
and fittings are. 

a     Änd-plug of brass   690" 0.0.   (round) and if" long. 

b. Inlet fitting and two flare supports.   See figure 3. 

c. A metal-flow lubricant of beeswax loaded, approximately 
to 40JS by volume, with «ranhlte and diluted with 40? of 
carbon tetrachlorlda.    Thla mixture is a thin paste which 
can be nalnted In place with a brush and which drlee to 
p heavy bodied film for high-pressure lubrication. 

d. A one ton chain holet. 

e. Apnroxlrately 3'  lengths of 4" or 5" deep steal 1-beem stock. 

f. Jacking equipment to open mould whan coll has bean 
formed in it 

g. Acetylene torch equipment. 

ff9g»4wg 

Coat the bottom surface (that surface at the 16" diameter side of 
moulding recess) with the graphite and wax lubricant,   being careful not to 
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get lubrlcHnt In appreciable emounte on the two side-wall aurfacet o* the 
moulding recess. Mount the threaded, aleeve of  the mould directly over the 
outer sleeve by mifr/lr/ it froa a chain fall both with thalr axes 
vertical and with outer sleeve «tändln* on ita end. Silver-solder (for 1" 
to 1-1/4" depth of seal) a nlug 690" In diameter and lj>"  long In one end of 
the conoer tubing. Start this plugged end of coll In the mould thread 
beginning the colling with the plug against th«< ateel strap «.tone of the 
could  Place a flare support around the plugged and. Wind the copper tube 
Into the thread with an effort to push the coil Into the mould and thus get 
an 16" outside dteoeter. By dropping the threaded sleeve of mould Into the 
outer aleeve, as each turn la wound Into the thread, the coll may be con- 
trolled  When the colling has reached the V  wide slot at the top of the 
mould, cut off the cotmer coll fluah with the aide of the slot. Silver 
aolder the inlet fitting to the Conner tube, bending tube back out of mould 
during soldering  Put a flare support over the Inlet fitting and bend the 
tubing again into mould thread, placing the 2" block In the receae at the 
mould top milled to receive it. 

When the Inlet block has been properly seated In the ?" elot the mould 
can be completely closed with coll In position. Fill coll with water and 
connect the Inlet block with 3/8* pipe to the nusm. Pump water Into the coll 
until 400 lbs/in* pressure Is Indicated on the pressure gauge. Absorption 
of alight quantities of traoved air will let the nressure drop In l/4 to £ 
hour  Renew nressure at the 400 lbs/in2 level until It will remain without 
loss for i hour. Kxamloe mould for leaks of fittings and coll through this 
period 

When ffllng the coll with water measure the volume of water as It is 
placed in the coll. Use this Inserted volume as a b»ee 'or calculation and 
pump a computed 3S$  of this volume Into the filled coll  The copper should 
begin to draw at around 1000 lbs/in? . As water Is pumped, the pressure will 
rise to 3000 to 3200 when the K>< Is fully Tiumped into coll. Disconnect 
.he pumps from coll and raise the threaded-mould sleeve bearing the partlally- 
drawn coll with the chain hoist. 

This nartlally drawn coll Is to br removed fron nould and annealed 
To remove the coll *rom could, *lrst withdraw a snail amount of water from 
the coil and head the Inlet block with a torch to unsolder It from the coil. 
When the block has been removed, force lubricating oil between the coll and 
the mould. Screw the coll upward and off the threaded sleeve. Remove the 
remaining water from coll; unsolder bottom plug (.690" diameter) from coll 
and anneal coll in a nnn-oxldlrlng atmosphere, 

Hp-solder the »lug back to the annealed coil and screw ths coll back 
over the threaded aleeve. Otve the cutalde surface of the coll, U.e surface 
in view when the coll is in Position on the sleeve, a thin coating of the 
granhlte lubricant. Re-solder the inlet »lug on the entrance to the coil. 
Pill the coil with water and test fittings and soldering with 400 lbs/in« 
as In the flret run. 

When preaeure stability Indicates all air has b«en absorbed* pump water 
into the coll  It will again start to draw at about 1000 lbs/ln* . At 
2000 lbs/in2 pressure will rise more rapidly and pumping should be carried 
on to a gauge reading of about 4000 lbs/in*   In the first try the soldered 
fittings ruptured st 4000 lbs/in* but sufficient drawing had been obtained 
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To renove the coll fron threaded mculd-sler/e drill a line of 1/8" 
holet In the coll edj»c»nt to Inlet block.    VIth a cold-chleel. cut the 
Inlet block free cf the coll and after forcing lubricating oil between 
coll and threaded sleeve, unicrrv the coll fron the mould. 

Trim both ende of the coll with a hack taw, vaeh the graphite lubricant 
fron coll wlth kerosene and wine dry. 

figure 4 give« the pressure required to draw the echo line.    In the 
upper portion of the f! -ure data on two flret drawings are preaented.    The 
coll which drew et lover pressure brd been annealed,  the other had not 
Both colle, It nay be noted, ruptured after 3100 cc had been Injected 
The calculated volume of the tubing before drawing was 6610 cc,  therefore 
rupture occurred at 137$ baae volume.    One of the colls,  the one not 
annealed,  wo repaired after rupture and drawing wes continued.    The coll 
promptly ruptured again as indicated. 

In the lover portion of the figure data are presented on the second 
drawing 

i 

Jg|«m*an_of,Ifrqc«Jg„llsilUY*c-M «ad.Technique petalji 

The granhlte lubrication advice given under ""procedure" has as a pur- 
pose remedying locallred drawing affects. Th* side walls of the thread, 
being separated by the small»et dimension, start to support the drawn metal 
first. The colls flatten out on these side walls first. The Inside and 
outside (16" and 16" diameter) faces of the coll, hcvtng curvature, sees 
to resist being drawn so the flat aides of tube draw almost exclusively 
Raving graphite lubrication on the Inside and outside (16" and 18" diameter) 
faces only, will cause the metal to cling to the side walls, as pressure 
seats It flatly there a.n.. allows the curved Inner and outer faces to con- 
tribute their share of the drawing. 

The 35$ volume Increment based on the water-filled volume of the 
coll was •stabllahed as a "flow limit" of the tubing  Several experiments 
Indicates that thoroughly annealed tubing could not be given a volumetric 
stretch of over 40$ of starting Internal vator-relume base. At 40$ the 
metal Is worked-hardened to a rupture oolnt. Annealing renews this 40$ 
drawing range or nearly so. In our atternts no drawing of copner beyond 
40$ starting water volume was accomlished. Hence, the recommended 39$ 
volume limit of the first drawing of the coll.. 

When the second drawing of coll (the 4000 lbs/ln ^ draw) Is made the 
mould Is otilte 'Irmly froren up  The coll Is so firmly pressed against 
the sleeve that a combination of a 5" I-been and a hydraulic Jack were 
required to draw the Inner threaded sleeve and coll out of the outor- 
mould slesve,  The smoothness of the outer sleeve and lubricants used do 
not give rise to tearing of the copper coll by the use of such powerful 
equipment, ''lien the coll and Inner threaded sleeve of the mould are 
removed, the release of pressure resulting frees the copper coll Immediate- 
ly. The 'orclng of lubrlcntine- oil between coll and threaded mould sleeve 
make It possible to screw the coll from the threaded recess It Is formed 
In without clstorttng It from the drawn shape. 
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Suggested ImtsroTercnte af Method 

There are two rmjo:   lamroveiaente which scnm obvious to the writer and 
which tine hnv« left untried. 

1     The tubing «lie used resulted In a final rectangular-sectioned 
coll of wall thlcV.nees of a-woxinntely   030",    Thle wall thick- 
ness, when drtwn v.1 th 4000 to 5000 lts/ln2.  results In corners 
which are rounded with an ln*ide rAVjs of 1/16".    This l/l6" 
radlu   la reducible, either by Increase* pressure of draw or by 
thinning the wall of the tuMn.'v     In view of the mould diffi- 
culties encountered In the work at «.TOO lbs/in*\ higher pressures 
are not recommended ts a solution.    The stiffness of the drawn 
tubing Indicates a reduction ts .012" or   Ola" wall thickness 
would not result in an igiTiractlcnl softness of finished drawn 
coll, and in additionvauldlighten the coll 

3.    In order to avoid the double handling of the tube, with annealing 
between the steps,  a larger cross sectional diameter of tubing 
would help.    If a large enough diameter,  such that the   35$ 
Increment on base water volume resulted In a completely forncd 
coil, a one-step Process of drawing would result     This step is 
temntlng, but from experience to date with the handling of colls 
In tho mould.  It may be delicate In operation.    The difficulties 
encountered In placing the coll In the mould thrend Increased 
tremendously as the coll approached the site of the thread recess, 
as from previous drawing.    The sectional form of the tubing de- 
forms and the dimension o* the coll pere-llel to the axis of the 
mould Increased as the coll In wound nround the mould.    If the 
coil once b»glns to bind against the tildes of the thrend in the 
mould, ae it is wound around the mould, a very dellcr.te situation 
arises.    Do amount of manlnulatlon from the outcl&e will urge the 
coll safely Into the mould thread     The coll tends to collapse 
and form two ''wrinkles" or "beads" at the outside of the groove 
As these "beads" are outside the IB" diameter of the mould sleeve, 
the mould cannot be assembled with such "beads" nresent     With 
a 3/4" round-tube section and a thread recess of 3/4" by 7f8", 
at times    considerable difficulty was experienced In urging the 
coll deep enough to enable the outer sleeve to be put In posi- 
tion and not cut a rortion of the overlapping coll,    A further 
difficulty In trying to Increase the starting tubing size above 
3/4" 0,TJ. come» in the essential 76' length,    The Haw England 
firms   tube-drawing facilities do not enable them to extrude 
a tube of over 3/4" diameter In a length of 75'.    Additional 
diameter of tubing could only be obtained by sacrificing coll 
length.    ?or our test It was decided to use the 75' coll exclusive- 
ly,    Use of the mould indicates  that lengths of 150'  could be 
successfully formed, with redesign of nould. 
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2t wi.i r.ned thi'.t  tf.e attenuation o* »he longer tection WAS a function 
of torelom-.l  etreis allied  to th» hell*.    Tht» mirtt ho»? been rfae to either 
«i poor connection or to nod» trouble,    it «uch e"ect «u oh«er»ed vlth the •horter »ecticn. 
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